The effect of trimethylsilyl (TMS) derivatization on detection limits of mononucleotides in fast atom bombardment-mass spectrometry (FAB-MS) was examined. FAB-MS methods were developed to optimize sensitivity using adenosine 6'-monophosphate as a model compound and then applied to reference standards of two clinically important nucleotides: tricyclic nucleoside-5'-monophosphate (TCNMP) and 5-fluoro-2'-deoxyuridineG'-monophosphate (FdUMP). The detection limit for the TMS derivative of TCNMP was 2.5-5 ng/ ~1 and less than 2.5 ng/rl for FdUMP as its TMS derivative. This is greater than two orders of magnitude more sensitive than the FAB-MS analysis of the corresponding free compounds. These low detection limits for the TMS derivatives were obtained using a narrow scan range, signal averaging, detection in the negative ion mode, and 3-nitrobenzyl alcohol as the matrix. Hydrolysis of one or more of the labile TMS groups did occur, with the extent of hydrolysis being greatest in the more protic matrices.
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Despite the success of fast atom bombardment-mass spectrometry (FAB-MS)3 for analyzing nonvolatile compounds, such as nucleotides (1,2), lack of sensitivity has been a severe restriction. Reports describing the FAB-MS analysis of nucleotides as the free compounds (3, 4) . The goal of this work was to examine the effect on detection limits in FAB-MS by analysis of the trimethylsilyl derivatives of selected mononucleotides (5) .
In order to optimize sensitivity, experimental conditions were determined using adenosine 5'-monophosphate (Structure 1) as a model compound. AMP was chosen because it has been studied extensively, both as the free compound and as its TMS derivative. Also, it is amenable to analysis by EI, CI, and FAB-MS (1, 5) and is readily available. After methods were optimized for AMP, reference standards of two clinically important nucleotides were analyzed: tricyclic nucleoside 5'-monophosphate (TCNMP) (Structure 2) (6), a potential anticancer agent undergoing clinical trials (7, 8) , and 5-fluoro -2' -deoxyuridine -5' -monophosphate (FdUMP) (Structure 3), the active metabolite of the widely used anticancer drug, 5-fluorouracil (9) .
Prior to analysis by FAB-MS, the TMS derivatives of these samples were analyzed using EI and CI to determine the number of TMS groups present.
MATERIALS AND METHODS

Instrumentation
The FAB mass spectra were obtained with a Varian MAT 311A mass spectrometer operating at an accelerating voltage of 3 kV and resolution of 1000. The scan rate was 11.5 s/decade for full scans (for samples 100 ng or greater) and 40 s/decade for narrow scans (for samples less than 100 ng). The mass spectrometer is equipped with an Ion Tech FAB 11N saddle-field atom gun (Ion Tech Ltd., Teddington, England) operated with argon at 8 kV and 1 mA. 3-Nitrobenzyl alcohol (NBA) (lo), glycerol, and tetraglyme were used as matrices, as well as addition of crown ether to the aforementioned sol- 1. Microgram samples. BSTFA (containing 1% TMCS) and pyridine (4:l) were added to the sample (50 pg) and heated for l-2 h at 100°C (11, 12) . The derivatized samples of AMP and TCNMP remained stable for several days following opening and resealing of the sample vial, with slow conversion to the next lower derivative. Derivatized FdUMP samples had to be analyzed within 1 day. Table 1 shows the results of the sensitivity studies for the selected mononucleotides analyzed by FAB-MS as both the free compound and TMS derivative. Limits of detection shown for the free compounds are those using the matrix in which the detection limits were lowest. Low detection limits for AMP(TMS)B (5 ng/pl), TCNM-P(TMf& (2.5-5 nglpl), and FdUMP(TMS)* (~2.5 ng/ 2. Low nanogram samples. Two microliters of sample [concentration = 5 ng/pl in water] was taken to dryness under vacuum in a capillary tube, followed by addition of 1.6 ~1 of BSTFA (containing 1% TMCS) and 0.4 ~1 of pyridine. After sealing, the tube was heated for 2 h at ~1) using FAB were obtained by analysis of the TMS derivatives with 3-nitrobenzyl alcohol as the matrix and scan averaging over a narrow mass range in the negative ion detection mode. TMS derivatization improved sensitivity over the free compound by over two orders of magnitude for TCNMP and FdUMP. Negative ion detection is more sensitive than the positive ion mode, especially for FdUMP, in which case the fluorine group presumably greatly enhances the negative ion signal.
Prior to analysis by FAB, the extent of derivatization of each of the samples was checked using EI and/or CI. For AMP, the relative abundance of the ion representing the TMS, derivative was 5% and the TMS, derivative was 4%, indicating an approximately equal distribution of these two derivatives. Formation of the fully derivatized TM& (m/z 760) product for TCNMP occurred to only a minor extent, approximately l%, with the TMS, (m/z 688) analog being the major species, 91%, followed by the TM& (m/z 616) at 8% (Fig. 1) . Other ions of interest (12) in the EI spectrum of TCNMP include phosphate related ions at m/z 299 and 315, a sugar ion at m/z 169 which is the base peak of the spectrum, and ions of the aglycone with (m/z 260) and without (m/z 188) a TMS group on the exocyclic amino group. In the case of FdUMP, using CI, the TM& (m/z 470) derivative represents 98% of the identified products and the TM& (m/z 542) only 2% (Fig. 2) . Thus, in each of the derivatization reactions of these nucleotides, a mixture of products is formed in which the product having one less than a full complement of TMS groups predominates.
Detection limits, with a signal to noise ratio of at least 2, for the derivatized analogs of TCNMP and FdUMP were, respectively, 100 ng and 1 pg in EI and 1 pg for either compound in CL Figure 3A shows the negative ion FAB-MS spectrum of 500 ng/pl TCNMP as its TMS derivative using NBA matrix. Significant ions in this spectrum include the base peak at m/z 615, corresponding to the (M-H)) ion Negative ion FAB-MS spectra of (A) 500 and (B) 2.5 ng/pl of TCNMP as TMS derivative using NBA matrix. Base peak represents the TM& derivative. The peak at m/z 752 is an NBA-related adduct of the TM& derivative of TCNMP (see Ref. (13) for a discussion of the mass spectrometry of NBA). group. The peak at m/z 187 represents the base without TMS groups. The peak at m/z 225, and tentatively 241, corresponds to the derivatized phosphate group (12) . Figure 3B shows the negative ion FAB-MS spectrum of the molecular ion region of 2.5 ng/pl TCNMP as its TM& derivative using NBA matrix. Figure 4A shows the negative ion FAB-MS spectrum of 500 ng/pl FdUMP as its TMS derivative using NBA matrix. The base peak at m/z 469 represents the (M-H)-ion of FdUMP containing two TMS groups, with its NBA-related adduct ion occurring at m/z 606. The peak at m/z 129 corresponds to the base moiety without TMS groups, with the peak at m/z 169 sugar-related.
In Fig.  4B , the negative ion FAB-MS spectrum of the molecular ion region of 2.5 ng/pl FdUMP as its TMS, derivative using the NBA matrix is shown. Obviously, significantly lower detection limits should be possible with this compound. Tables 2 and 3 show the summary of results of TMS derivatization of TCNMP and FdUMP, respectively, using mass spectrometry with various ionization conditions.
Obvious from the FAB spectra of the derivatized nucleotides is that hydrolysis of one or more of the labile TMS groups is occurring, with the extent of hydrolysis being greatest when glycerol is used as the matrix. Hydrolysis of the TMS group(s) must be a result of either the protic matrix or the FAB process itself since the EI/ CI data show the dominant species to be the TCNMP-(TMS)( and FdUMP(TMS)3 derivatives. Using NBA as the matrix, hydrolysis of one TMS group was observed, while the nonprotic tetraglyme usually displayed no hydrolytic effects; i.e., the spectra of AMP and TCNMP paralleled the EI spectra. However, routine use of tetraglyme is difficult because of its volatility.
Therefore, NBA was chosen as the routine matrix for analysis of the TMS-derivatized nucleotides because it gave good sensitivity and results are reproducible. Hydrolysis appears to involve only one of the TMS groups and, once the lower derivative is formed, additional products are not observed. 
